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Abstract: Many construction industry sectors have been experiencing chronic problems such 
as poor safety, inferior working conditions and insufficient quality. These problems have 
been identified as factors that affect construction’s productivity and will affect company’s 
performance. This paper investigates factors influencing construction productivity in 
Indonesia. Data was collected through questionnaires and personal interviews targeting non-
residential building and infrastructure projects. Key factors influencing construction 
productivity and their causes were obtained through a series of statistical analyses based on 
the contracting companies’ approach. The findings suggest that the key factors and their 
causes were influenced by three issues: (1) characteristics of contractors; (2) inadequate 
management strategy; and (3) organisation’s focus. A conceptual model of factors 
influencing construction productivity was developed to provide the contractors with 
information on which factors they need to focus. In addition, five alternative solutions are 
recommended to be applied on-site to achieve the best outcome of contractors’ performance. 
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1. INTRODUCTION 
 
Productivity in the construction industry in Indonesia is not only influenced by labour, but 
also by other factors such as equipment, materials, construction methods, and site 
management (Arditi and Mochtar, 2000). Some concepts such as Total Quality Management 
(TQM) and Total Quality Control (TQC) have been implemented to achieve better 
productivity. Since the publication of the ISO 9000 series of standards in 1987 by the 
International Organisation for Standardisation (ISO) 9000, quality management has received 
attention around the world on an unprecedented scale. Initially, the adoption of ISO 9000 in 
the construction industry in Indonesia was slower than in manufacturing, and even now many 
small and medium size organisations have voiced their concerns over the difficulty and cost 
of introducing an ISO quality system. Thus, the construction industry preferred to adopt their 
own in-house quality systems to increase productivity. 
 
Construction projects are an important priority in Indonesia’s national plans. Local 
contractors participate in the construction of public development projects including large 
scale infrastructure such as: ports/harbours, terminals, highways, telecommunications, 
irrigations, waste disposal and treatment; properties; public housing; and industrial buildings. 
The World Bank’s Report (1984) in the book “The Construction Industry” concluded that due 
to the limited skills and resources on developing countries, a large amount of projects were 
won by foreign contractors. Other problems identified in the report included equipment 
shortages, inefficiencies in using materials, imbalances in organisational structure, unfair 
competition, limited funds, planning uncertainties and a lack of human resource development. 
Many of these problems are endemic within the Indonesian construction industry (Royat, 
1994). 
 
As mentioned earlier in the first paragraph, the productivity problem in the Indonesian 
construction industry is not only influenced by construction’s workers. However, most 
researchers and construction practices to date has primarily concentrated on workers’ 
productivity. They solely depend on labourer’s performance to increase construction 
productivity (Alwi, 1995). Recently, investigation conducted by Alwi et al. (2002) concluded 
that there was now concern over the high level of non value-adding activities within the 
Indonesian construction industry. The activities, known as waste, have been identified as 
major factors affecting construction productivity. 
 
At present, no accurate method has been developed to identify factors of non value-adding 
activities and to quantify the extent of the negative impact of non value-adding activities. 
Prevention of waste must begin the moment the client first decides to go ahead with the 
project. No practical and acceptable method has been agreed upon by all parties involved in 
construction projects to reduce waste levels. On some construction projects in Indonesia, the 
extent of non value-adding activities is significant throughout the entire construction process 
– its participants, activities and the facilities constructed. In fact, non value-adding activities 
or waste occurs right across the construction industry irrespective of: 
• The size of the building organisations, 
• The value and duration of the contract, 
• The building type, or 
• The nature of the building (new building or buildings being refurbished and 
maintenanced). 
 
Measuring productivity for construction projects is a complex problem. Every project is 
unique in terms of design specifications, delivery methods, administration, and participants. 
If the most important influencing factors in any contracting organisation are identified, 
measures can then be taken to apply them in order to upgrade the contractors’ performance 
(Ofori and Chan, 2001). 
 
This paper investigates both factors and their major causes influencing construction 
productivity in Indonesia. A conceptual model of the key factors is developed and 
alternatives solution are provided to assist construction managers to achieve better 
construction performance by providing them with information on which factors they need to 
focus. 
 
 
2. PRODUCTIVITY IN CONSTRUCTION 
 
Productivity has been one of the main issues from the conception of the project. Many 
construction managers in Indonesia believed that the occurrence of waste might affect the 
productivity level. Since the last two decades, some researchers had investigated the sources 
of reducing construction productivity. The Business Roundtable construction industry cost 
effectiveness study (1983) concluded that the primary causes for the decline of construction 
productivity directly or indirectly involved poor management practice. 
 
Borcherding et al. (1986) provide an interesting qualitative model to identify sources of 
reduced productivity in construction work. Productivity loss on large complex construction 
projects is explained using five major categories of unproductive time: (1) waiting or idle, (2) 
travelling, (3) working slowly, (4) doing ineffective work, and (5) doing rework. 
 
Unproductive time is one of the most prevalent waste that occurs in the Indonesian 
construction industry (Kaming et al., 1997). The study proved that on average, craftsmen lose 
time because of internal delays, extra breaks, waiting and relaxation, lack of skill and 
supervision delay. Overall, they lose a total of 18% of working time per week due to one 
production problem or another. Similar studies conducted in the United States are consistent 
with the results. The average of non-productive work is only estimated to be 36% (Oglesby et 
al., 1989) or to be 31.9% (Levy, 1990). 
 
Kaming et al. (1997) also stated that the main craftsmen’s productivity problems in Indonesia 
were identified as lack of material and followed by rework, absenteeism, interference, lack of 
tools and equipment break downs. The causes of the material unavailability problems were 
“on-site transportation”, “inadequate material storage”, “excessive paper-work requests” and 
“inadequate planning”. The main causes of rework were found as design changes and poor 
instruction. 
 
As a comparison, Table 1 (Adapted from Kaming et al., 1997) presents the productivity 
problems in Indonesia with other countries. 
 
Table 1. Productivity Problems in Several Countries 
Indonesia Nigeria UK USA Productivity 
problems Rank Rank Rank Rank 
Lack of material 1 1 1 1 
Lack of equipment 5 3 5 2 
Interference 3 6 2 5 
Absenteeism 4 5 6 6 
Supervision delays 6 4 4 4 
Rework 2 2 3 3 
 
Case studies conducted by Koskela (2000) showed that there was a relationship between a 
reduction of productivity and the incidence of waste in construction. Poor quality was 
identified by Koskela (2000) as one of the major factors causing low productivity. Some 
researchers experienced the high amount of poor quality in construction. Cnudde (1991) 
argued that the cost of poor quality (non-conformance), as measured on-site has turned out to 
be 10-20% of the total project cost. In an American study of several industrial projects, 
deviation costs averaged 12.4% of the total installed project cost (Burati et al., 1992). The 
causes of these quality problems are attributed to design, 78%, and to construction at 17%. A 
study in Indonesian construction industry (Alwi, 1995) found that poor quality of labour 
skills contributed 3.2% of the total project costs. 
 
3. METHODOLOGY 
 
All data collection instruments used in this research was questionnaire surveys and followed 
by interviews. The major part of the primary data collected for this research was the 
expression of respondents’ opinions or perceptions. It is expected that the data collected will 
be mainly subjective. Three hundred questionnaires were sent to 125 contractor firms in 
Indonesia, requesting responses based on projects they were undertaking or projects that have 
completed within the last 5 years. A total of 99 completed questionnaires were returned from 
46 different Indonesian companies. 
 
Fifty-three (53) variables that related to factors affecting construction productivity and their 
causes were derived from an extensive literature review and pilot studies. The variables were 
then separated into two classifications: waste categories that contributed to a reduction in the 
value of construction productivity and waste causes variables, known as causation variables, 
that could be defined as factors producing waste. The survey was designed into three sections 
questioning. The first section contained questions relating to the frequency of waste category 
and the level of effect of the variables on construction projects. Respondents were able to 
identify how frequently the waste occurred using five scales: (1) Never; (2) Rarely; (3) 
Occasionally; (4) Often; and (5) Always. In order to score the level of effect of waste 
categories on construction, respondents were provided with five different scales from 1 (no 
significant effect variable) to 5 as (high detrimental effect variable). Section 2 dealt with the 
causes of waste category. The questionnaire gave each respondent an opportunity to rate 
variables perceived as likely to contribute to construction productivity on a scale from 1 (not 
at all or not relevant) to 5 (most relevant). For the last section, respondents were asked to 
provide comments on responses provided. 
 
The interviewer conducted two forms of interviews: open-ended interviews and focused 
interviews. In the open-ended interviews, the respondents were asked for facts, in addition to 
their opinions about the important variables. In some situations the interviewer asked the 
interviewee to propose their own insights into certain occurrences. The interviewees ranged 
from management level to operational level. 
 
Weighted score model was used to achieve greater degree of certainty to determine key waste 
variables. This model assigns a weighting to each criterion depending on the product of its 
frequency and its level of effect. The most important criterion is awarded the highest 
weighting. The weighted score was calculated by multiplying frequency and effect scores. A 
statistical analysis, independent sample t-test, was carried out using SPSS package program 
to rank the important variables. Detail of the statistical analysis procedures are provided in 
the following sections. 
 
 
4. RESEARCH FINDINGS AND DISCUSSION 
 
4.1 Characteristics of Respondents 
 
The characteristics of respondents involved in the survey were tabulated in Table 2. The 
average work experience of the respondents involved in the construction industry is 13 years. 
This indicates reasonably a high work experience profile within the Indonesian construction 
industry. 
 
The Indonesian contractors are normally classified into four different formal Qualifications: 
A, B, C1 and C2. Qualification A indicates the largest capabilities whereas Qualification C2 
indicates the smallest. The company qualifications relate not only to the limitation of capital 
cost of projects that can be undertaken, but also to the performance of contractors including 
availability of resources such as financial capital, equipment and number of skilled personnel. 
As per Table 2, all of the respondents are from Qualification A and Qualification B, as 
approximately 82% worked as main contractors. Companies from Qualification C1 and C2 
were excluded from the study because they normally act as subcontractors. 
 
Table 2. Characteristics of Respondents 
 
No Characteristics of respondents Indonesia 
1 Experience in construction industry (average) 13 years 
2 Government company 32% 
3 Private company 56% 
4 Joint-venture 11% 
4 ISO 9000 compliant company 52% 
5 Non-ISO 9000 compliant company 37% 
6 In-House quality system 7% 
7 Qualification A company 90% 
8 Qualification B company 10% 
9 Multistorey building 56% 
10 Infrastructure  19% 
11 Other project types 21% 
 
Projects in building construction involved in multi-storey construction with normally deal a 
number of levels ranging from 2 to 55 (13 levels on average). Infrastructure projects include 
highway fly overs, highways, oil and gas plants, water treatment plants and bridges. Other 
projects include factories, supermarket and sports clubs.  
 
4.2 Significant Variables 
 
To identify the significant variables of waste, firstly mean and standard deviation, scored by 
all respondents, were calculated and listed in descending order. The calculation was based on 
the frequency and the effect. The determination of the most significant variables was based 
on the ranking of the variables using independent-samples t-test, at a 95% confidence 
interval. This test was focused on testing the difference between means of two variables. In 
descending order of the waste variables, independent-samples t-test was carried out towards 
frequency and effect variables. In addition, the same procedures were conducted on the waste 
causes variables. 
 
The t-test was carried out towards the top variable and the second variable, the third and so 
on. The procedures are used to test the null hypothesis of no difference in the means of two 
variables. The null hypothesis is rejected if the ρ-value obtained is less than the 0.05 level of 
significant. Statistically, the waste categories and the waste causes variables that have no 
different mean one another were listed into the same group. When the t-test was performed 
for the top variable and the “certain variable” and the ρ-value obtained is less than the 
designated ρ-value, it indicates that there is a significant difference between these two 
variables. Consequently, the “certain variable” belongs to the next group of waste variables. 
The results reduce the all waste categories ranking order to between 4 and 6 grouping order, 
in which each group contains variables that are not significantly different from each other 
even if their observed sample mean is different. Variables that are listed in the first group 
indicate as the significant variables. 
 
Table 3 summarises the significant waste categories and the causation variables. The waste 
categories are classified into two different groups: frequency (F) and effect (E). The Symbol 
“ “ indicates the relationship between the waste categories and the causation variables. For 
examples, repair on finishing works is one of the significant variables on the frequency result 
that is caused by design changes, lack of trades’ skill and poor coordination among project 
participants. Whereas, loss of material on site is categorised as one of the variables that has 
detrimental effect on construction project that is caused by poor planning and scheduling. 
 
These variables are listed in the first group of variables and indicated as the significant 
variables. 
 
Table 3. Interrelationship between Significant Waste Categories and the Causation Variables 
Most frequently  
waste categories  
Most detrimentally  
effect waste categories 
Delays to schedule        Delays to schedule 
Repair on finishing works         
Damaged materials on site         
Waiting for equipment repair        Waiting for equipment repair 
Waiting for equipment to arrive         
Equipment frequently breaks         
        Material does not meet 
        Loss of materials on site 
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 Key causation variables  
 
4.3 Key Waste Categories 
 
Of eight significant variables, seven were from the frequency results and four from the effect 
results. Delays to schedule and waiting for equipment repair were found to be the most 
significant variables amongst the eight key waste categories. These variables were the most 
frequently occurred and detrimentally effect on construction projects. Projects can be delayed 
for a large number of reasons, usually impacting project cost and schedule. Interviews from 
construction personnel identified the important variables causing delays such as lack of trade 
skill, poor planning and scheduling, delay of material delivery to site, design changes, and 
slowness in making decision. However, the interviewees agreed that delays to schedule was 
one of the most important variables affecting construction productivity. This evidence is 
supported by Al-Khalil and Al-Ghafly (1999) in their study in Saudi Arabia. They stated that 
delays in project completion are a major problem leading to costly disputes and acrimonious 
relationships between the parties involved. In Nigeria, project delays were identified as the 
principal factors leading to the high cost of construction (Okpala and Aniekwu, 1988). 
 
On-site use of equipment was a concern of many construction personnel. Interviews 
confirmed that site equipment included: vibrators, bulldozers, backhoe loaders, cranes and 
concrete mixers. Those engaged in the construction of building and infrastructure projects, 
were concerning about: 
• Waiting for equipment repair, 
• Waiting for equipment to arrive, and 
• Equipment frequently breaks down. 
 
Amongst the three variables, waiting for equipment repair was identified as the most 
significant factors leading to idle tradesmen and delays to the schedule. Variables seem to 
have a strong relationship to one another. For example, equipment that frequently breaks 
down necessitates repair. For projects located in a remote area, far away from head office, 
repairs can take a long time. For technicians must come to fix the problems, and parts are 
hard to find and take several days to arrive. To avoid or minimise such incidents, the 
following solutions can be considered: 
• Use more reliable equipment, 
• Provide trained mechanics on-site, 
• Arrange maintenance contract for speedy repair, and 
• Establish cooperation with local mechanics. 
 
Interviews confirmed that there is still debate amongst the contractors as whether the 
company should own equipment so they are able to use it at anytime their projects need it, or 
whether they should just simply hire equipment when required. One advantage of having 
your own equipment is that it is ready to use whenever required eliminating delays to 
schedule. However, contractors who hold large inventories of equipment must give very 
careful consideration to equipment selection, the method of acquisition, monitoring of usage, 
performance, and the maintenance of their equipment. 
 
Alternatively, contractors who rely on rental equipment need to book several 
days/weeks/months before, in order to avoid delays in delivery to site. This related to variable 
“Waiting for equipment to arrive”. 
 
Except for delays to schedule and waiting for equipment repair, Indonesian construction 
projects were affected also by materials problems (materials that do not meet specifications 
and loss of materials on-site). In addition, Table 3 shows that another five variables: repair 
on finishing works, damaged materials on-site, waiting for equipment repair, waiting for 
equipment to arrive and equipment frequently breaks down were indicated as the most 
frequently variables occurring during the construction process. 
 
4.4 Key Causation Variables 
 
In the Indonesian construction projects, the key causation variables related to three types of 
classifications such as design and documentation (design changes); people (lack of trades' 
skill); and professional management roles (slowness in making decisions, poor planning and 
scheduling, and poor coordination among project participants). The most significant variables 
causing waste were design changes, lack of trades’ skill and poor planning and scheduling. 
 
Design changes can be categorised as variations, and are described by Choy and Sidwell 
(1991) as any change to the scope of the work as defined by the contract documents 
following the creation of legal relations between the principal and contractor. Often the 
changes are no fault of the contractors. Design changes may occur in architectural, structural, 
plumbing and drainage, siteworks or other aspect of construction. Interviewees confirmed 
that design changes were the result of owner demands or client requests for changes to design 
in order to meet changing requirements and preferences. In certain cases, design changes 
were caused by problems in material acquisition, and unforeseen circumstances such as 
statutory requirements. 
 
The majority of the Indonesian construction labour force are self-employed, and are often 
farmers from rural areas. They are low skilled, earn low wages, and hence are less effective 
(Kaming et al., 1997). These young workers enter the pool of construction workers, for it is 
the only industry that can provide employment for those without any qualifications, even 
though continuous employment is not guaranteed.  
 
The young workers start work as unskilled workers but over time become “skilled” or 
“semiskilled” craftsmen following only a little on-the-job training and the quality of 
workmanship deteriorates. The client, contractors and other project participants complain of 
the difficulty in finding sufficiently skilled tradesmen. Most skilled workers enter the 
industry and receive informal training from a master craftsman, rather than following a 
formal course conducted by an institution.  
 
According to the respondents, contractors are still facing “Lack of trades’ skill” to complete 
the projects satisfactorily. In fact, interviewees stated that “skilled” operatives were often not 
skilful, having gained their experience on the job site, learning construction skills through 
trial and error. The trend observed with activities on the project was that labourers do not use 
their own initiative, and instead rely on both the foremen and the supervisors’ ability to check 
and approve all works. For many activities labourers are unable to interpret site drawings. 
Most labourers require instruction from foremen or supervisors. 
 
Training institutions that may educate construction tradesmen are limited in Indonesia. 
Labour as a resource has specific characteristics. The production output of labour is a 
function of skill and motivation. In Indonesia, training for labourers by contractors is 
virtually non-existent except in specialised areas such as railways, power plants and 
irrigation, which are still under government control. Kaming et al. (1997) reported that 
approximately 86% skilled workers in Indonesia are informally trained by a senior craftsman 
only. The same situation exists also exists in other developing countries. For examples, 80% 
of skilled workers in Sri Lanka (Jayawardane and Gunawardena, 1998) and 95% in Iran 
(Zakeri et al., 1996). 
 
According to comments given by the respondents, almost 57% of the comments could be 
associated to the “People” category. With problems being identified as related to “Lack of 
trades’ skill” and “Poor motivation of labourers”. Respondents believed that trade skills play 
an important role in the incidence of non value-adding activities. 
 
Planning and scheduling involves the planning of timetables and the established of dates 
during which various resources, such as material, equipment and personnel, will perform the 
activities required to complete the projects (Shtub et al., 1994). Scheduling activity integrates 
information on several aspects of the project, including the estimated duration of activities, 
the technological precedence among activities, constraints imposed by the availability of 
resources and the budget, and if applicable, completion period. In every project, schedules 
provide an essential communication and coordination link between the individuals and 
organisations participating in the project. Because planning scheduling is directly related to 
materials and equipment, poor planning and scheduling leads to problems with material, 
equipment and delays to schedule.  
 
As reported by Serpell et al. (1995), project planning faces several problems in construction. 
The most frequent problem is related to poor definition of job objectives. Another major 
problem is the lack of time that project managers have to plan. Generally, they are assigned to 
the project team a short time before the project starts. Later, after the project is under 
execution, traditional priorities and habits restrict their available time for planning. These 
problems have also been addressed by Howell and Ballard (1994).  
 
The objectives of planning and scheduling are to achieve time, cost, performance and quality 
targets. To be effective in addressing these issues, planning should be an activity of every one 
with managerial responsibility from project managers to foremen. Interviews discovered that 
although professionals normally received planning training general foremen and foremen 
normally have not. Hence, contractors need to educate and train the first line managers to 
make them able to carry out effective planning. 
 
 
5. INFLUENCED VARIABLES 
 
It will be useful at this point to draw together the threads that have been running through the 
previous discussion into a model of influence variables of non value-adding activities (waste) 
in the Indonesian construction industry. Based on the statistical analysis, the significant waste 
variables and their causes have been determined. This approach formalises the ideas that 
underpin the way in which waste should be structured. Although the approach may at first 
appear theoretical, it does provide the basis of a practical, analytical tool for examining the 
incidence of waste in the future. 
 
In developing the model, a variety of sources were considered including the pilot studies, 
survey findings, respondents’ comments, and interviews. The model has been developed to 
provide information for construction managers in order to identify the significant waste 
variables and their causes, and the major issues that influence waste when they occur. 
 
5.1 Influence Variables Based On Statistical Analysis 
 
Statistically, the significance of waste variables and the causation variables that have been 
described above can be defined as influence variables of waste that affect contracting 
companies in Indonesia. The investigation showed that the eight waste variables and the 
seven causation variables were found to be key for non value-adding activities. As the 
contracting companies in Indonesia became more aware of the occurrences of those variables 
during the construction process, the findings will provide the contractors with information on 
which variables they need to focus. The influence variables identified need to be addressed 
by the contracting companies in order to achieve improved project outcomes. 
 
Three factors were found to be the major issues influencing the influence variables. They are 
characteristics of contractors, inadequate waste management strategy; and organisation’s 
focus. The three factors are interrelated. A model of waste in the Indonesian construction 
industry is proposed and discussed below. 
 
5.2 Characteristics of Contractors 
 
The characteristics of contractors include the ownership, the qualifications, and the quality 
system of the companies. The qualifications of companies indicate whether the companies are 
large or small. Mostly, the influence variables of waste were influenced by the qualifications 
of companies, especially small contractors. Small contractors are identified as companies that 
are qualification B companies. In fact, with their limitation of resources, this investigation 
demonstrated that small contractors experienced waste more than others. Their experiences in 
terms of waste are coloured by inadequate waste management strategy and the organisation’s 
focus in practice. 
 
5.3 Inadequate Waste Management Strategy 
 
Inadequate waste management strategy includes: a limited record of waste documentation; 
lack of understanding of the concept of waste; and lack of tools for identifying and measuring 
waste. These problems mostly occurred amongst contracting companies in Indonesia, 
especially within small firms. Most construction managers believed that an appropriate record 
of waste documentation during the construction process would assist them to achieve better 
construction performance. Comprehensive documentation enables construction managers to 
reflect on their previous projects where waste had occurred and allows them to anticipate 
similar problems occurring in future projects. A lack of understanding of the broader concept 
of waste would bring construction personnel to the perception that waste is solely related to 
physical waste of materials. A tool should be determined to appropriately detect the 
occurrence of any waste followed by an accurate measurement for results on-site. The quality 
of the tools they use is determined by the knowledge the construction personnel have of the 
techniques and technologies available and their skill in using them.  
 
5.4 Organisation’s Focus 
 
The organisation’s focus includes: the client objectives/motivations; the project goal; and the 
involvement of all construction personnel. The construction project starts, initially, as a result 
of the client’s motivation to construct and achieve certain objectives. Ideally, the clients 
should involve the project team at as early a stage as possible and, prior to involving them, 
should bring forward the initial need for the project in a coordinated and controlled way from 
within its organisation. This will assist construction managers to plan projects more 
effectively, minimising the occurrence of waste during the process. However, the client 
should not have ideas that are too rigid at this stage as advice from the project team could 
lead to a better solution to the problem. Clients vary in many ways. Of particular importance 
is the variety of objectives that clients seek to satisfy. Differences in this respect are 
particularly marked between private and government sector clients. The variety of objectives 
is compounded by the range of uncertainty of clients’ objectives. The construction industry 
and its professions have to be skilled at translating such variability in a way which enables 
them to produce projects that satisfy their clients. 
 
Construction projects are therefore undertaken by an amalgam of firms (consultants, 
architects, subcontractors, suppliers, etc.), which change from project to project. The firms 
involved in each project are independent companies, which are organisationally 
interdependent in terms of the project. This situation creates a potential for conflict between 
the needs of each firm and of each project. Each firm has objectives which are expressed in 
terms concerned with the efficiency of the firm such as increasing productivity, improving 
services, maintaining existing clients and attracting new business. In order to get better 
results, construction managers should declare clearly the project goals that need to be 
achieved by all project participants. The same shared perceptions of project goals by every 
project participant would bring the project to a satisfactory completion that fulfils the client’s 
requirements. 
 
Top-down management is normally applied within the Indonesian construction industry. Top-
down management can be simply described as when instructions come from the top 
management levels to operational workers in a one-way direction. In fact, in order to apply 
any effective strategy to reduce waste on-site, the commitment should come first from the top 
management levels. Implementation must start strong, with full management support, focused 
on specific areas of the construction process to get the best results. Once the strategies have 
been set up, delegation must be developed to all construction personnel. All construction 
personnel must work together to achieve the goal of “ reducing the incidence of waste”. 
Empowerment should be given to the operational workers as they are the key and are likely to 
be the first people who are able to identify the incidence of waste on-site. Therefore, 
teamwork that involves all construction personnel needs to be formed in the early stages of 
projects, as waste is not only the responsibility of the top management, but of all construction 
personnel. 
 
In summary, the three factors that form a model provide a sufficient basis for construction 
managers to develop their own ways of thinking in a structured and systematic manner. 
Individual managers will develop, through practice, their own repertoire of well-used, 
familiar models. The conceptual model of influence variables in the Indonesian construction 
industry is mainly formed by the three major factors such as: characteristics of contractors, 
inadequate waste management strategy, and organisation’s focus. 
 
 
6. CONCEPTUAL MODEL OF INFLUENCE VARIABLES 
 
In summary, the incidence of waste during the construction process was influenced by several 
issues that could be grouped into three different factors (1) characteristics of contractors; (2) 
inadequate waste management strategy; and (3) organisation’s focus and each factor was 
related one another. The characteristics of contractors refer to Qualification B companies 
that indicate small contractors. Inadequate waste management strategy deals with a lack of 
strategy being used amongst contracting companies to reduce waste on-site. Whereas 
organisation’s focus is concerned with the approach of all project participants to achieve 
better project outcomes. The influence variables of waste and those factors that influenced 
them are described in a conceptual model shown in Figure 1. 
 
 
Figure 1. Conceptual Model of Influence Variables 
 
 
7. FIVE ALTERNATIVE SOLUTIONS 
 
In the event that the waste was found to be very significant and affected contractors’ 
performance detrimentally, an important contribution of this research to industry lies in its 
provision of reliable means of identifying and positively addressing the significant waste 
variables and the causation variables. Once the causes have been identified clearly, 
alternative solutions can be suggested. Best solutions can be reached by establishing 
comprehensive cooperation between industry and researchers. In the context of this research 
project, contractors can consider several alternative solutions as follows: 
• Establish long-term relationship with manufacturers and suppliers to develop methods 
of delivery to avoid excessive inventory and delays. The involvement of 
manufacturers and suppliers in the process of planning and scheduling was identified 
as a good point to provide materials on time when contractors need them. 
 
• Consider a greater use of local materials and natural resources as much as possible. 
This will not only avoid waiting for materials from overseas, but also may assist in 
making local industry sustainable. This may be difficult as most of large projects are 
designed by foreign architects and they recommend the use of specific materials from 
overseas. 
 
• Conduct regular training programs for foremen and labourers, and educate them to 
understand the concept of waste so they are able to differentiate between value-adding 
and non value-adding activities. Training programs could be organised by 
government, by providing simple skill standards for contracting companies. There 
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was a common perception that standards were applied inconsistently across the 
construction industry. 
 
• Make the construction process transparent on-site, so every person involved in the 
process is able to identify any problems and the progress of the project during the 
process. Supervisors and foremen should be involved in every project meeting to 
discuss any possibility to reduce waste. They felt excluded from the development and 
implementation of waste management initiatives on-site. 
 
• Establish cooperation and regular meetings amongst project participants, involve all 
construction personnel from different levels, increase trust with one another and 
encourage working together as partners. This may assist managers to minimise design 
changes, provide appropriate construction methods, and also minimise the lack of 
professional management skills such as slowness in making decisions. 
 
To provide the best outcome of a contractors’ performance, each alternative solution should 
be applied and monitored regularly and continuously. Every step should be measured, 
recorded and evaluated properly. 
 
 
8. CONCLUSION 
 
This research was carried out in the developing economy of Indonesia. It may be that the 
issues of the key factors, the model developed and the alternative solutions here can provide 
guidance to the other economies in transition. Concepts such as waste and value are not well 
understood by construction personnel. They often do not realise that many activities they 
carry out do not add value to the work. Waste is not only associated with waste of materials 
in the construction process, but also other activities that do not add value such as repair, 
waiting time and delays. These issues contribute to a reduction in the value of construction 
productivity and could reduce company performance. 
 
The application of methods of waste identification is urgently required within the Indonesian 
construction industry. The methods are needed to assist Construction Managers to understand 
the whole construction process, identify waste within it, and eliminate it step by step to 
achieve better construction productivity. The responsibility of the elimination of waste does 
not depend only on Construction Managers, but also on the client, consultants, suppliers, 
foremen and labourers. This means all project participants need to be committed, involved, 
and work together to detect any waste and minimise it as soon as the waste occurs. As a 
consequence, it is recommended that workers should be more highly trained and multi-
skilled. 
 
By identifying the incidence of waste during a project, construction managers are able to 
easily identify the best solutions and ways to apply any new technique for reducing the 
amount of waste, leading to increased project productivity.  
 
The research results provide strong evidence that small companies are having serious 
problems related to material management and in completion projects on time. The findings 
indicated that smaller companies (Qualification B) with limitations of resources such as 
working capital, technology, equipment, and labour skill believed they experienced greater 
waste than larger companies (Qualification A). With the limitation of these resources, the 
following problems leading to the high amount of waste may exist: 
• Poor quality of site documentation: no daily records and measurements undertaken to 
provide a realistic interpretation of waste, 
• Outdated equipment: contractors do not use reliable equipment, and 
• Limited on-site technical support to monitor and control the use of materials and 
equipment. 
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